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2329916 

TITLE: MEmOD AND APPARATUS FOR TOP TO 

BOTTOM EXPANSION OP TUBULAR8 

INVENTORS: DAVID G. FORSYTH and ROBERT ROSS 

pipmf^PTHP ilWPNTIQN 

The fleid of this bivantion relates to a method and apparatus of 
ninning downholo tubing or casing of a size smaller than tubing or casing 
already set In the hole and expanding the smaller tubing to a larger size 
downhole. 

p^f yfiRQUNin OF THP INVENTION 

Typically, as a well Is drilled, the casing becomes smaller as the 
well is driUed deeper. The reduction kt size of ^e casing restrains the size 
of tubing that can be run into the well for ultimate production. 
Additionally* If existing casing becomes damaged or needs repair, it is 
desirable to insert a patch through that casing and be able to expand it 
downhole to malce e casing repair* or in other applications to isolate an 
unconsofidated portion of a formation that is being drilled through by 
running a piece of casing in the drilled wellbore and expanding it agairtst a 
soft formationi such as shale. 

Various techniques of accompFishing these objectives have been 
attempted in the past. In one technique developed by SheO OP Company 
and described In U.S. patent 5,348,095, a hydraulioaliy actuated 
expanding tool is Inserted in the retracted position through the tubular 
casing to be expanded* Hydraulic pressure te spplied to bnilaUy expand 
the tubular member at its lower end egeinst a surrounding w^bore. 
Subsequently, the hydraulic pressure is removed, the expanding tool is 
lifted, and the process is repeated until the entire length of the casing 
segment to be expanded has been fuQy expanded from bottom to top. 
One of the problems with this technique is that it is uncertain as to the 
exact position of the expanding tool every time it Is moved from the 
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surface, which is thousands of fast above where It is deployed. As a 
result, thwe's no assurance of unifonn expansion throughout the length of 
to be expanded using this technique. Plus, the repeated steps 
of appficatlon end whhdrawal of hydraulie pressure, coupled wHh 
5 movements in the Interim, ere tlm»«on8umlng and do not yiaid with any 
certainty a oising segment expanded along its entire length to a 
predetermined minimum inside diameter. U.S. patent 5,366,012 ehows a 
"*« perforated or slotted liner segment that is initially rfgidly attached to the 

^ well casing .nd expanded by a taperad expansion mandrel. This system is 

" awkward in that the slotted Knar with the mandrel is htttaHed with the 
original casing, which requires the casing to be assembled over the 
raiwxffiftl* 

Other techniques developed In i^ssie and described in patents 
4,876,322; 6,083,608; and 5.118.661 use a easing segment which is 
15 epecieny formed, generelly having some sort of fluted cress-section. The 
. segment to be expanded which has the fluted shape Is sub|ected to 

hydraulic pressure such that the flutes flex and the cross-sectional shape 
changes into a circular cross-section at the desired expanded radius. To 
fintah the process, a mechsnical roller assembly Is Inserted Into the 
JO hydrauBcally expanded fluted section. This mechanical tool is run from 
top to bottom or bottom to top In the just recendy expanded casing 
segment to ensure that the Inside dimenrion b consistent throughout the 
•^Sth. TWs process, however, has various Nmitadons. Fii«t. it requires 
the use of a pre-shaped segment which has flutes. The construction of 
23 such a tubular shape necessarily implies thin weBs end tow collapse 
resistance. Additionally. It is dlfflcuh to create such shapes in a unitary 
structure of any significent length. Thus. If the easing segment to be 
expended is to be in the order of hundreds or even thousands of feet long, 
numerous butt Joints must be made in the fluted tubing to produce the 
30 significant lengths required. Accordingly, techniques that have used 
fluted tubing, such as that used by Homeo. now owned by Weatherford 
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Entsm Inc., have oenerally been short seoments of arocmd the length of a 
loint to be patched piue 1 2-16 ft. The technique used by Hemco Is to use 
tubing that is fluted. A hydraulic piston with a rod extends through the 
entire segment to be expanded end provides an upper travel stop for the 
segment. Actuation of the piston drives an expander Into tiie lower erxi 
of the speclany shaped fluted segment. The expander may be driven 
through the segment or mecharocally yanked up thereafter. The 
shortcoming of this techc^ue Is the Rmhed (er>gths of the casing to be 
expanded. By use of the specially made fluted cross-eectlon, long 
segments muat be erected with butt joints. These butt Joints are hard to 
produm when us^ such special shapes and are very labor-bitenshfe. 
AdditionaRy« the self-contained Homco running tool, which presents an 
upper travel stop as an Integrd pan of the running tod at the end of a 
long piston rod, additlonany limits the practical length of the casing 
segment to be expanded. 

What is needed is an apparatus and method which w»H allow use of 
standard pipe which can be run in the wellbore tlirough larger casing or 
tubing and simply expanded in any needed increment of length. It is thus 
the objective of the present invention to provide an apparatus and 
technique for reliably inserting the casing segment to be expanded and 
expanding it to a gh^en inside dimension, while at the same time 
accoun^ng for the tendency of its overell length to shrink upon expansion. 
Those and other objectives will become apparent to those of skiU In the 
art from a review of the specification below. 

SUMMARY QP THg INVgNTlOia 

An epparatus and method are disdosed that allow for downhole 
expansion of long strings of rounded tubUtorm. using a teohnk|ue that 
preferably expands the tubiriar from the top to the bottom. The apparatus 
supporta the tubular to t>e expanded by a set of protruding doge which 
can be retracted if en emergency release is required. A cordcally shaped 
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wadse is driven into the top of the tubino to be expanded. After some 
Inhlal expansion, a seal behind the wedge contacts the «(panded portion 
of the tube. Fivther drivhg of the wedge into the tube ultimately brings 
In a series of back-up seals which enter the wqwnded tube and ere 
disengaged from the driving mandrel at that point. Further applied 
pressure now' inekes use of a piston of enlarged cress-sectional area to 
contbuie the further expanston of tfie tubular. When the wedge has fully 
stroked through the tubuisr, ft hat by then expanded the tubular to an 
Inride diameter larger than the protruding dogs whldh fonmerty supported 
it At that point, the aasembiy can be removed from the weilbore. An 
emergency release, invoMng dropping a baH and shifting a sleeve, ellows, 
through the use of apptiad pressure, the shifting of a sleeve which 
supports the dog which In turn supporu the tubing to be expanded. Once 
the support sleeve for the dog has shifted, the dog ean retreet to allow 
IS removal of the tool, even if the tube to be expanded has not been fully 
expanded. 

BRIEF DESCRIPTIOM HP TUP rtn^y/n^fif^ 

Figures 1a-1d are a sectional view of the tool sig>portbig a piece of 
a> tubing to be oxpanded Just prior to any actual expansten. 

Figure 2 indicates the emergency release position where the locking 
dogs that support the tubing to be expended ean now retract to allow 
removal of the tool from the wellbore. 

» DETAILED DESCRIPTION OF THF PRFPPRRPn i:iutRr>ntiyfp:|^ 

The apparatus A has a top sub 10 whfch is connected to a tubbtg 
string to the surface (not shown) at thread 12. As shown in Rgure la, 
the top sub 10 has a central passage 14. Located within passage 14 is 
seat sleeve 16. Sleeve 16 has seals 18 and 20 at its upper and lower 

30 ends, respeedvely. In the nin-fn position as shown in Figure 1 a, sleeve 16 
supports key 22 on one side. Key 22 also extends into sleeve 24. Sleeve 
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24 Is, In tum. conneetsd to outer sleeve 26 vie shear pin 28. Key 22 
engages sleeve 24. Seals 30 and 32 straddle the operdng in the outer 
sleeve 26 through which the shear pfri 28 extends. Key 22 extends 
through a window 34 in top sub 10. Seal 36 seals between top sub 10 
and outer deeve 26. Outer sleeve 26 has a port 38 whi(^ communicates 
whh cavity 40. Cavity 40 has an outlet 42 which extends fnto passage 
44 In plug 46. Plug 46 has a longitudinal passage 48 which is in fluid 
communication with passage 14 at fu upper end and annular cavity 60 at 
its opposite end. Cavity 50 communicates with csvfty 62 through port 
54. At its outer upper end, the cavity 62 Is sealed by seal 56. At Its 
lower InMe end, cavity 62 Is sesled by seal 66. 

The piston P comprises a body 60, oonneotad to a top sub 62 at 
thread 64. At the lower end of body 60 is bottom sub 66 which supports 
a cup seat 68. Cup seal 68 Isolates a cavity 70 virhich is preferably 
grease-fHled. In the runnn position shown In Figures ta-1d« the cup seal 
68 is located within the tubmg 72« which Is to be expanded. Body 60 
also has a wear ring($) 74, which are iratially within the tubing 72 to be 
expar)ded during run-in, as shown in Rgure 1c. 

The expansion of the tubing 27 Is accomplished by wedge 7B. 
which is preferably made of e ceramic material and has a conical leading 
end 78. The taper of the conical leading end 78 preferably matches the 
taper 80 of the tubing 72 to be expanded in the preferred emiiodiment. 
The body 60 also has an outer sleeve component 81 which supports cup 
seals 82 and 84, as well as slips 86. 

Refening now to the lower end shown in Rgure Id, dogs 88 are 
supported in the position shown In Figure Id by sleeve 90. Sleeve 80 Is 
secured to bottom sub 92 at shear pin 94. A cavfty 96 is In fluid 
communication with passage 44 through port 98. Seals 100 and 102 
seal cavity 96 around sleeve 90. The dogs 88 are radially biased 
outwardly by springs 104, which are best seen In Figure 2. At the 
bottom sub 92. there Is e check valve 106 which permita flow only in the 
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direetion of anow 108 into passBOo 44 from the outer annufcit around the 
tool. As ehown tn Figure Id, the dOgt 88 support the lower end 110 of 
the tubing 72. The tubing 72 is preferably rounded, oommonly used 
oilfield tubulars that era connected by knowm means, preferably threaded 
connections. As such they can be assembled into a signifieantly long 
stretch, wed Ux excess of the fluted tubulars of the prior art. which were 
limited to the length of a joint (about 40 ft.) plus 6-8 ft. at each end. for a 
total of about 60 ft., with one of the nmhatbns on the overall length 
being the stresa on the components, starting at doga 88, which aupport 
the weight of the entire ran of the tuMno 72. 

The principal components now having been descnlwd. the operation 
of dw tool wai be described in more detaa. As previously stated. Figures 
la-Id represent the run-in position. As can be seen in Figure Id. the dogs 
88 support the string of tubing 72 to be expanded. Pressure is Initially 
applied from the surface into passage 14. Sleeve 16 witii seals 18 and 
20 ensure that pressure is communicated through passage 14 into 
passage 48 tttrough cavity 60 and port B4. and into cavity 52. An 
mcraaae In pressure in cavity 62 ecu on a piston area of top sub 62 as 
measured by the limldng seals 56 and 68 at tfte top and bottom of cavity 
62. raapeetlvely. ThiM, the application of pressure In cavity 52 begins to 
move the wedge 78 end its leading conical end 78 into the tubing 72 to 
atart the expansion. At this time, the tubing 72 is supported off dogs 88. 
Further presturization continues the stroking of body 60 of piston P until a 
seal 112, also preferably made of ceramic material, enters the tubing 72 
M In e portion ihet has previously been expanded by wedge 76. The 
oblective Is to obtain a seal between tite tubing 72. that haa already been 
flared out by wedge 78. and seal 112. Continuation of application of 
pressure to cavity 82 moves the body 60 of piston P furttier unti tiie cup 
seals 82 and 84 and die slips 86 emer the top end of the tubing 72 which 
JO has already bean flared. At tills point, an Inside shoulder 114 (see Figure 
la) on a cap 116, which !a a part of outer aleeve 81 of piston P, bottoms 



20 
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on nidlal surfsce 118. Radial surface 118 Is loeated on sleava 120, 
Vrhich is In turn oonnected to top sub 10 at thread 122« SiMVa 120 
supports seal 66, as shown in Figure lb. As shown In F^yures lb and 1c, 
outer sleeve 81 is secured to body 60 by rtng 124. As further pressure is 

5 applied In cavity 52, with outer sleeve 81 retained due to the engagement 
of shoulder T14 with radial surface 118, ring 124 shears In two, 
terminating the connection between the body 60 end the outer sleeve 81. 
By this time, as previously stated, the cup seals 82 and 84 and slips 66 
have entered the expanded tubular 72. Due to the break of ring 124, the 

10 driving piston area increases. On the outside^ seat 112 now defines the 
piston area Insteed of seal 56. In essence, cavity 52 is redefined and is 
now expanded to the tubing Inside diameter sealed off by cup aeals 82 
and 84 which ere backed up by alips 86. Applied pressure new sets on 
seal 112 at the outside and seal 66 on the Inside as the balance of tube 

15 72 is expanded. The pressure acting to push the outer sleeve 81 out of 
the expanded tubular 72 is resisted by slips 86, which provide the back* 
up resistance required as a taper on cap 116 cams the slips 86 outwardly 
in response to uphoie pressures wrtftin ^e tubular 72 applied to the cup 
seals 82 and 84. The slips 86 are retained by ring 126, which is threaded 

20 to cap 1 16 and its position Is secured by pin 128. Those skilled in the art 
will appreciate tf^at for retrieval, radial surface 118 will reengege shoulder 
1 14 and bring out the outer sleeve 81 and sH the components oonnected 
to it. At this time, the extmal toothed profile on the slip 86 will have 
overstressed and failed In shear. 

25 Once the ring 124 has been parted and body 60 continues to move 

downwardly, the wedge 76 continues its movement through the tubing 
72 to be expanded. As this movement is going on, grease is being 
distributed on the Inside diameter of the tubing 72 from cavity 70. The 
process of expansion of the tubing 72 cen result in longitudinal shrinkage. 

30 It can also work harden the tubing 72 being expanded. Since the upper 
end of the tubing 72 wKI have already been expanded by the wedge 76, 
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shrinkage b most likely to be seen by the lower end 110 moving sway 
from dogs 88. The shrinkage, vi^ich is estimated to be in the order of 3- 
5%. should facilhste complete movement of the wedge 76 through the 
tubing 72 before ring 130, which is at the tower end of bottom sub 66, 
as shown in Rgure Ic, contacts sleeve 132, which Is secured to the body 
10 (sea Figure' tdj. If additional stroJAig of the wedge 76 is necessary to 
conclude the expansion of the tubuJar 72, setdown w^t can be applied 
at the surface to lower sleeve 132 and then pressure can be raapplied 
from the surface IntemaOy to drhre the wedge 76 further unti ft dears the 
bottom of the tubular 72. 

In order to emergency release, a ball Is dropped to land on seat 
134, ehown in Figure la as a part of seat slesve 16. With the application 
of pressure in passage 14, with a ball (not shown) seated on seat 134, 
the sleeve 16 shifts, moving with it sleeve 24 which breaks shear prn 28. 
Sleeve 24 moves into poshion where seals 32 and 36 straddle the port 
38. Thereafter, applied pressure in passage 14 passes through cavity 40, 
through crossover port or outlet 42, then Into passage 44. The check 
vah^e 106 prevents escape of such fluid passing through passage 44 so 
that pressure buOds in port 98 snd cavity 96. This buOd-up of pressure in 
cavity 96 forces the shear pin 94 to break, which aNows the sleeve 90 to 
shift to the position shown In Rgure 2, undennining suppon for the dogs 
88. An upward pull from the surface win force the dogs 88 sgalnst the 
spring force of springs 104 so that they retract to within the tubular 72, 
portions of which at this time have not yet been expanded. Thus, the 
entka assembly can be removed if for any reason an emergency release is 
required. The tool must then be brought to the surface and redressed. 

Another feature of the tool shoukS be noted. As the wedge 76 
enters the tubing 72, a new seal is formed with seal 112. The piston 
aree for the pressure in chamber 52 b thus increased. Whereas kiftlally 
the driving piston erea was the area between seals 56 and 58, upon entry 
of seal 112 the driving piston area now Is the space between seals 58 
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and 1 12, which Is grMter. Sfnca during the expansion operation there is 
contact between wedge 76 and the tubbig 72 to be expanded, any 
leslcage while a driving force Is applied to the ptelon P around the seal 
112 win go through a weep hole 136. where it wffl escape to the annulus 
through passage 138. As a result, all further drivfcig of the piston P wiU 
cease If seal f 1 2 begins to leak inside the tubing 72. The purpose of the 
weep hole 136 Is to avoid overstresslng the tubing 72 by continuing to 
drive the wedge 76, even If seal 112 is passing fluid. Driving wedge 76 
whh a greater piston area reduce* the stress on tubing 72 as the required 
force to move piston P is also reduced. 

Those skilled in the art can appreciBte that the apparatus and 
method as described above can accommodate standard oifirid tubulars of 
extremely long lengths. The only limWng factors on the length of the 
tubing 72 to be expanded are Issues of wear on the seals 112 and 56 as 
the piston P is driven, as well as the stresses applied to the body 10 from 
the weight of the string 72 to be expanded. It Is also witNn the scope of 
the Invention to use a wedge construction for wedge 76 that Is not simply 
lust f«ed In shape. The degree of expansion of e given string of tubulars 
72 can be adjusted If an adjustable wedge Is used for wedge 76. Tlwis. 
for example, the wedge can be segmented with a camming sleeve behind 
It which can very the outside diometer of the wedge as desired. The 
diameter can be increased or decreased as desired ss the tubing is 
expanded. Additlonelly. If for any reason it is desired, the tubing 72 can 
be expanded along its length to different inside end outsWe diameters, as 
desired. An adjusteble wedge can also fadMtate removal of the apparatus 
A et any time during the procMs. The emergency release feature as 
described allows for ready removal of the assembly should it become 
necessary. The expansion of the tubing 72 is facTitatsd by the reservoir 
of grease In cavhy 70 which is distributed along the Intemal wall of tubing 
72 as the wedge 76 progresses. WIOi the use of the cup seals 82 and 
84, the piston area is enlarged once the ring 124 is broken. Thus, the 
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uppf end of the tubho 72 i, dosed off to a«ow the appfication of 
pr««jre.c««..p,«onar«a.pannh8ftom«al68to8Ml1l2 BuUt 
di.ptoc«l in f«.« of th. prnon win not pressuriza the formation but wfll 
be raioutad back up throuflh the check vtive 106 into passage 44 out 
through outrat 42 Into paaaag* 40. then out through outlet 38 int^ the 
upper annul us*. 

The foregoing disclosure and description of the hvemlon ^ 
mmtn^ ^ explsnatory ther«,f, and varfous changes in the size, shape 
•nd materials, .. wdl « m the OttnUt of the Hlustratad construction, mey 
be made without departino from the spirit of the Invention. 



09/18/2000 18:29:11 page. -16- 



il 



CLAIMS 

1. A method of mpanding tubular^ downhole, 

compiising: 

supporting at least one rounded tubular on a tool; 

positioning the rounded tubular In a weO; 

forcibly increasing the diameter of the rounded tubular 

downhole. 



2. The method of dalm 1 , further comprising: 

threading a pKiratity of rounded tubulars together to make a 
tubing string; 

positioning the string in the welibore; 

forcibly increasing the diameter of the tubulars and the 
threads that connect them In the welibore. 



3. The method of claim 1 , further cxsmprlsing: 
using a wedge to expand the tubular; 

changing the area of a piston driving the wedge during the 

expansion. 

4. The method of claim 3, further comprising: 

distributing a lubricant within the tubular to be expanded in 
advance of movement of the wedge to expand that portion of the tubular. 
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5 5, The method of claim 4, further 

comprising* 

6 providino a passage through the tool for fluids within the 

7 tubular to flow through as the to(4 advances to avoid pressurtzing the 
t formation below the tubular whh such fluid. 

9 

10 

H 

13 tod. 



0- The method of claim 5, further comprising: 

proviA'ng an emergency relea^ between the tubular and the 



16 

17 



13 

w 7. The method of claim 3, further comprising: 

" providing a breaicable component in the piston; 

brealOng off the breakable component; 
exposing a greater piston area to applied pressure after the 

18 breaking of the component, 

20 8. The method of claim 7, further comprising: 

31 mounting the wedge to the piston; 

32 mounting an outermost seal adjacent the wedge to act as an 
23 outer piston seal only after the breaking of the component. 

24 

25 

36 9. The method of defm 8* further comprising: 

37 using a sleeve as the breakable component; 

28 diaposing the piston at least ki part witWn the sleeve; 

29 provklmg an outer seal on the piston In contact with the 

30 kiskie of the sleeve; 

provhling an inner seal on the piston which contacts the body 

32 of the tool: 

33 using the initial piston aree between the kmer and outer seals 

34 to advance the wedge into the tubular. 
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10. Tho method of daim 9, further comprising: 

moving the sleeve with the piston until It enters the tubuisr; 
using a seal on the outside of the sleeve to engage the inside 
of the tubular; 

br^idng the sleeve from the piston with the seal on the 
outside of the sleeve engaged to the tubuisr; 

bunding pressure on the enlarged piaton area represented by 
the outsrmost seal adjacent the wedge and the outside of the inner seal; 

using the seal on the sleeve, wMeh Is now In seiAng oontect 
egalnst the tubular, to contain the epplied pressure on the now-enlarged 
piston area. 

1 1 . The method of claim 4, further comprising: 

providing a reservoir of lubricant In the tool which advances 
into the tubing before the wedge; 

distributing lubricant within the tubular In advance of 
movement of the wedge to expand It. 

1 2. The method of claim 6, further comprising: 
supporting the tubular on a movable support on the tool; 
selectlvely retracting the support from the tubutan 
removing the tool through the tubular. 

1 3. The method of claim 10, further comprising: 

providing a lealcpath from between the wedge and the 
outermost seal to above the tool so tfiat any leakage eround the 
outermost seel wQl not result In pressure build-up directly on the wedge. 
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14. The method of daim 10, further comprising: 

usino cup seals on the sleeve to engage the inside of the 

tubular? 
one slip* 



holding the sleeve and cup seals to the tubular wfth at least 



1 5- The method of daim 1, further comprising: 

using a piuraRty of rounded tubulars connected by at leaat 



one Joint; 
downhole. 



expanding the diameter of the tubidars and the fobit 



1 6. The method of clabn 1 5. further eomprning: 

thresding e plurality of rounded tubulars together to make a 
tubing string; 

positioning the string In the welibore; 

forcibly increasing the diameter of the tubulars and the 
threads that connect them in the wdlbore. 

1 7. The nwthod of daim 16, further comprising: 
using a viredge to expand the tubulars; 

changing the area of a piston driving the wedge during the 

expansion. 

1 8. The method of daim 1 6, further comprising: 

distributing a lubricant within the tubulars to be exparHfed in 
edvance of movement of the wedge to expand that portion of the 
tubulars. 

1 9. The method of daim 1 6, further comprisk^g: 
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providing a passage through tha tool for fluids within tha 
tubulars to flow through as tha tool advances to avoid pressurizing the 
formation below the tubulars with sudi fluid* 

20. the method of claim 1 6, further comprising: 

providing an emergency release between the tubulars and the 

tool. 

21 . The method of claim 1 7« further comprising: 
providing a breakable component in the piston; 
breaking off the breakable component; 

exposing a greater piston area to appiled pressure after the 
breaking of the component. 

22. The method of claim 3, further comprising: 
providing a wedge with a variable diameter. 

23. The method of claim 22, further comprising: 

expanding the tubular to more than one diameter alor^j Hs 

length. 

24. The method of dabn 22, further comprising: 

reducing the diameter of the wedge to f adiitate extraction of 

the tool. 
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